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Targeting Health Disparities: A
Model Linking Upstream
Determinants To Downstream
Interventions
Knowing about the interaction of societal factors and disease can
enable targeted interventions to reduce health disparities.
by Sarah Gehlert, Dana Sohmer, Tina Sacks, Charles Mininger, Martha
McClintock, and Olufunmilayo Olopade
ABSTRACT: Certain social/environmental factors put some groups at extraordinary risk for
adverse health outcomes, creating health disparities. We present a downward causal
model, originating at the population level and ending at disease, with psychological and be-
havioral responses linking the two. This approach identifies how specific social environ-
ments “get under the skin” to cause disease, illustrated with the disparity in mortality from
aggressive premenopausal breast cancer suffered by black women. Broadening our lens to
consider the entire chain of causal factors, spanning multiple levels and interacting across
the life span, heightens our ability to craft specific interventions to address group differ-
ences in health. [Health Affairs 27, no. 2 (2008): 339–349; 10.1377/hlthaff.27.2.339]
H
ealth di s par it i e s occur by race , ethnicity, sex, socioeconomic
status, and sexual orientation, with inequities in screening, incidence,
treatment, and mortality across a number of diseases and conditions, in-
cluding cancer, diabetes, cardiovascular disease, infant mortality, and HIV/AIDS. A
black/white gap in mortality from common cancer sites has been noted since 1975,
for instance, when cancer data were first collected systematically by race and eth-
nicity. In 1975, black women experienced 39.2 more deaths per 100,000 population
from breast cancer than white women. By 2004, that gap had increased to 44.1 ex-
cess deaths per 100,000. During the same time period, breast cancer mortality
rates among white women decreased from 31.8 to 23.8 per 100,000. Mortality rates
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from prostate cancer show a similar pattern through time. While mortality rates
for white men decreased between 1975 and 2004 (from 29.1 to 23.4 per 100,000),
mortality rates for black men increased (from 55.5 to 56.1 per 100,000).1
Black/white disparities in breast and prostate cancer mortality are paralleled
by other major diseases among other racial and ethnic groups. Black adults are
twice as likely as white adults to be diagnosed with diabetes, while Hispanic and
American Indian/Alaska Native adults are 1.9 and 2.6 times more likely than
whites to be diagnosed with the disease. Additionally, black adults are 2.2 times
more likely than white adults to die from complications of diabetes.2
 Federal focus on health disparities. The issue of health disparities received
major attention in 1998, with the launch of President Clinton’s Racial and Ethnic
Health Disparities Initiative and his charge to top public officials to address dispari-
ties. Subsequently, reducing health disparities was named as one of the two major
goals of Healthy People 2010 and continues to be a focus of federal research and
policy interventions.3 The Minority Health and Health Disparities Research and Ed-
ucation Act of 2000, for example, created the Center for Minority Health and Health
Disparities and charged it to lead the development of a National Institutes of Health
(NIH) Strategic Plan for health disparities. Since that time, each institute and center
at the NIH has developed its own plan.
 Importance of the social environment. Although a host of hereditary and in-
dividual behavioral factors are linked to health outcomes, we now understand that
social circumstances and environmental factors place minority groups at a distinct
disadvantage in health and disease. These groups may be exposed to numerous con-
ditions (such as discrimination and unequal treatment in housing, employment, and
medical care) experienced less often by more advantaged groups. As such, societal
factors that represent upstream determinants should be included in frameworks for
determining population health. In these frameworks, upstream determinants are de-
fined as features of the social environment, such as socioeconomic status and dis-
crimination, that influence individual behavior, disease, and health status. Viewing
health disparities through a lens that incorporates social/environmental conditions
as upstream factors in multilevel models better allows us to design and implement
interventions targeted at levels downstream from those conditions. Policymakers
and others can then weigh costs and benefits, to choose the most effective.
 The CIHDR model. In this paper, after reviewing existing models of health de-
terminants, we draw on our own work at the University of Chicago’s Center for In-
terdisciplinary Health Disparities Research (CIHDR) on disparities in breast cancer
mortality to illustrate a novel model based on identifying each link in a downward
causal chain from the population (social) to the disease (genetic) level. That chain,
vertically oriented, starts at the top with race, poverty, disruption, and neighbor-
hood crime; moves to isolation, acquired vigilance, and depression; then to stress-
hormone dynamics; and finally to cell survival and tumor development.4 Although
not the only disease-specific model of health determinants, the CIHDR model is
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unique in its ability to demonstrate important links among determinants.5 Finally,
we review studies that identify links in the causal chain between upstream determi-
nants and health and disease.
Existing Models Of Health Determinants
Although group differences have been recognized for almost 100 years and have
become a public health target in the past decade, understanding how they develop
and are sustained has lagged behind their recognition. Investigators generally
agree that health disparities are determined by many factors and that influences
occur at group and individual levels. Early models, although they included group-
level risk factors, focused primarily on individual-level factors.6 Awareness of the
number and influence of group-level factors increased through time, and frame-
works began to acknowledge the impact of the social and physical environments
on individual behavior and biology.7
An emphasis on the complex interactions between levels of health determi-
nants allowed a focus on population as well as individual health outcomes and
provided a valuable tool for understanding how group differences in health de-
velop. In 2000, George Kaplan and colleagues proposed a framework with levels
representing social and economic policy, institutions, neighborhoods and commu-
nities, living conditions, social relationships, individual risk factors, genetic and
constitutional factors, and pathophysiological pathways that interact with the en-
vironment throughout the life course to affect both individual and population
health.8 They held that “it is highly unlikely that the triad of genomics, bioinfor-
matics, and biomedicine, and their focus on molecular etiologic forces located
within the individual, will explain very much of the heterogeneity in health and
disease among social groups, places and times,” and they suggested an approach
that “bridges various levels of explanation.”
The CIHDR Downward Causal Model
 Downward causation. Most existing frameworks assume a hierarchical ar-
rangement of levels, with the primary cause arising from the smallest level of organi-
zation—namely, the genome, which interacts with the cellular environment within
the body to cause disease. In this framework, social and behavioral factors are im-
plicitly viewed as less powerful “risk” factors, almost to the point of being consid-
ered outcomes influenced or shaped by genes. We, on the other hand, emphasize
downward causation, in which upstream determinants at the social and environ-
mental levels influence and regulate events at lower levels of organization (that is,
from individual behavior and physiology to the cellular and genetic interactions of
health and disease).
The notion of downward causation was first articulated by Donald Campbell in
1974 to describe how higher organizational levels influence lower levels in hierar-
chically organized biological systems, such that “all processes at the lower levels
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of a hierarchy are restrained by and act in conformity at the laws of the higher lev-
els.”9 Intermediate-level factors can also be described with reference to laws at a
higher level of organization.
Although this language is used to describe the causal role of social, behavioral,
and biological factors on health outcomes, it is important to acknowledge that
feedback also occurs from lower to higher levels, with genetic and biological fac-
tors influencing phenomena above them in traditional hierarchies.10 Examples
abound with the rapid increase in technology enabling the sequencing of heritable
variations within genes. Variation in base sequences of a gene can alter how well it
is expressed, causing heritable genetic variation among people and higher preva-
lence of a disease in subpopulations. For example, phenylketonuria (PKU) is
caused by heritable mutations (that is, differences in base sequences) within the
PAH gene and results in mental retardation. It is more common among Asians and
whites, especially of Turkish descent, but rare among blacks.
Interactions among genes, their products, and the environment that bring a
phenotype into being (for example, mental retardation or health) were termed
“epigenetics” by Conrad Waddington well before DNA was discovered or the
mechanisms of gene function understood.11 Today, the term refers to “inheritance
systems through which non-DNA variations can be transmitted.”12 In other words,
without changing the heritable genes that will be passed on to the next genera-
tion, we know of mechanisms within cells and their nuclei through which the en-
vironment can change the way DNA and cells function. These changes can then be
maintained and transmitted through cell-division cycle after cell-division cycle
within a person’s lifetime, if not transmitted between generations.
The upstream environments that change the way DNA and cells throughout the
body function include not only a person’s physiology, but also his or her behavior
and physical and social environments. Such high-level epigenetic triggers are cen-
tral to the primarily downward causal model of breast cancer developed by
CIHDR investigators, in which multiple environments at different levels interact
to regulate gene expression.13
 Breast cancer among black women. The CIHDR is one of eight centers
funded in 2003 through the NIH’s Centers for Population Health and Health Dispar-
ities (CPHHD) initiative. The four CIHDR projects are led by social, behavioral, and
biological scientists working together with community stakeholders. The central
question that unites them is why, despite the fact that white women are more likely
to develop breast cancer, black women are more likely to die from it. Seventy to
eighty percent of human breast cancers are due to acquired rather than inherited
mutations of breast cancer genes, and breast cancer develops after a series of com-
plex genetic interactions.14 The four mutually informative, interdependent CIHDR
projects aim to determine the causal links through which these genetic mechanisms
are regulated by the social environment. The projects share a model of downward
causation, from the social environment to the survival of malignant cells, which re-
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sults in the development of tumors (that is, the accumulation of malignant cells) in
breast cancer.
Animal models. Two projects use animal models that mimic human disease to
identify pathways by which social and psychological factors “get under the skin”
to influence disease. This greatly adds to the CIHDR’s understanding of the deter-
minants of health disparities in humans, in two major ways. First, it allows social
conditions to be manipulated using experiments (and psychological reactions, be-
havior, and biological processes to be measured). Second, it affords a perspective
on gene/environment interactions throughout the entire life cycle.
CIHDR investigators have found that rodents that are socially isolated from the
time of weaning become vigilant and develop larger spontaneous mammary gland
tumors at a much earlier age than their group-housed peers.15 Tumor development
is accompanied by an increase in stress-hormone response to an acute stressor,
which raises the possibility that increased stress-hormone signaling may mediate
an increase in tumor growth in isolated animals.
Human models. Two CIHDR projects follow the same group of 230 black women
newly diagnosed with breast cancer living in predominantly black neighborhoods
of Chicago, one analyzing the characteristics of their breast tumors and the other
their social situations and psychosocial functioning. The model defines race in
terms of the social-environmental factors that might determine which women
will experience epigenetic changes that produce sporadic breast cancers.16
Study results. Our work with animal models informs the CIHDR model of down-
ward causation from social environmental conditions to psychosocial factors, bio-
logical responses, and breast tumor development among newly diagnosed black
women living in Chicago. Using information gathered from in-home interviews,
investigations of the built environment, and publicly available data geocoded to
the women’s addresses, we have been able to demonstrate a pathway with signifi-
cant associations between levels, from the community to inside the nucleus of the
cell, in which dilapidated housing, crimes, and generally fractured communities
engender isolation and depression, and in so doing, alter stress-hormone re-
sponse.17 Investigators have identified stress-hormone (glucocorticoid) receptors
that are activated by social isolation that further downstream activate biochemi-
cal pathways known to increase tumor cell survival. Expression of this biochemi-
cal pathway occurs when a hormone travels across the cell membrane and binds
with the stress-hormone receptor complex, which goes into the nucleus of the cell
and causes the gene to express the pathway, thus creating the “soil” in which can-
cer grows.
Established Linkages Between Levels Of Health Determinants
A number of studies have demonstrated major links between levels of health de-
terminants. These allow us to understand how intervening at one level will affect
factors downstream from that level and craft interventions to reduce disparities.
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 From the neighborhood/community level downstream. Neighborhoods
and communities have always been important upstream determinants of health out-
comes. Empirical studies have documented an association between neighborhood
context and health in areas such as mortality, low birthweight, depression, cancer,
and cardiovascular disease.18 The degree to which people engage, form relationships,
and leverage resources can be traced to surrounding social structures, how people
fit into these structures, and the economic realities that they present.19 Variation in
neighborhood organization may promote or impede social interaction—a critical
determinant of health status.20
Social forces such as discrimination, segregation, and urban inequality have a
direct impact on neighborhoods and their uses and further affect social interaction
by shaping how people perceive their circumstances, influencing where and with
whom they live, and shaping available resources.21 These conditions can engender
social isolation by limiting the number and types of relationships people hold as
well as the frequency of their interactions. Social isolation is important for under-
standing health disparities, because of its links to numerous health outcomes, in-
cluding all-cause mortality.22
The quality and content of the built environment of neighborhoods, defined as
the buildings, spaces, and products created by people, have a profound effect on
health outcomes. For example, deteriorated infrastructures and overall design of
buildings have been shown to affect the formation of relationships and mainte-
nance of collective efficacy.23 Neighborhoods with fewer signs of occupation,
fences, and higher speed limits are more likely than others to be burglarized.24
These issues may cause residents to retreat into their homes, thus limiting interac-
tion and increasing feelings of loneliness. In addition, attempts to deal with
threats may deplete people’s physical or psychological resources over time.
 Linking the psychosocial level to physiology. Despite evidence that social-
environmental conditions are associated with health outcomes, we are only begin-
ning to understand the causal pathways through which social context contributes
to health disparities. The CIHDR’s downward causal model, for example, describes a
particular multifaceted psychological state linked to the physiological stress system
through which social circumstances may affect a person’s risk for breast cancer. No
doubt other pathways will be identified for this and other diseases.
One way that the social environment affects health is by challenging people’s
ability to respond to environmental stimuli and changing their psychological
states. The link between psychological states and disease outcomes has been ex-
plored in terms of the physiological changes that occur with variations in emo-
tional or behavioral states.25 For example, depression is characterized by several
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biological distinctions, including changes in autonomic nervous system activities,
as evidenced by increased sympathetic nervous system activation and decreased
parasympathetic nervous system tone. In depression, the hypothalamic-pituitary-
adrenal (HPA) axis maintains low levels of stress hormones (glucocorticoids), yet
heightened release in response to a stressor and disrupted catecholamine cycles
are manifested by increased release of epinephrine (adrenaline).26 Dysregulation of
physiological processes can lead to other changes, such as suppressed immune
function, decreased blood flow to the digestive system, and inhibited growth hor-
mones, which can ultimately lead to poor health outcomes.27
Another way in which social/environmental conditions influence psychological
states and subsequent physiological stress reactions is through social isolation
and the loneliness it engenders. Loneliness has been linked to various cardiac acti-
vations, decreased cellular immune function, and increased release of stress hor-
mones.28 Disrupted social connections may hamper a person’s ability to cope with
social/environmental stressors, which in turn can disregulate physiological proc-
esses and affect disease outcomes downstream.
 Physiological mechanisms and pathways to disease. When a person is
challenged by the environment, a large set of interacting physiological systems must
accommodate each other, changing in different ways to maintain function—the dy-
namic response of a complex system first termed allostasis by Peter Sterling and
Joseph Eyer.29 Although often beneficial in the short term, maintaining allostasis
over the long term creates a load that can result in disease. Social challenges can also
create allostatic load, particularly when demands exceed supports.30 With repeated
cycles of allostasis in response to enduring challenges, allostatic load is manifested
by the wear and tear that the body endures and its inability to turn the system on
and off efficiently.
People vary in their ability to cope with environmental challenges, based on ge-
netic, developmental, and experiential factors, including the long-term effect of
early-life stress that may predispose people to overreact physiologically and be-
haviorally. Arline Geronimus and colleagues found that blacks of all ages have
higher allostatic load scores than whites that were not entirely explained by indi-
vidual socioeconomic status, which suggests that the cumulative impact of social
and economic adversity can profoundly affect health.31 For example, blacks ages
18–24 were almost 50 percent more likely to have a higher allostatic load score
than whites of the same age. By ages 55–64, the black-white relative odds ratio
rose to 2.31, indicating that blacks were more than twice as likely as whites to
show the physiological effects of high-effort coping.
Minority groups, including those of moderate and upper income, often face
multiple environmental and social risks. The Geronimus study highlights the need
to contextualize the experiences of minorities to include more nuanced measures
of socioeconomic status, as well as other disease risk factors. Given that social ar-
rangements are likely to have a synergistic effect on a person’s stress response, in-
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terventions to address racial disparities in health should consider the interaction
between individual susceptibility to stress and the environmental conditions that
may lead to disease expression.
Downstream Interventions
An advantage of clearly articulated, disease-specific models of health dispari-
ties with demonstrated links between levels is that they allow us to predict the
impact of interventions aimed at one level on factors downstream from that level.32
Although this approach is in its infancy, designing and targeting interventions
based on empirically established relationships has the potential to save resources
and heighten the effectiveness of interventions in reducing health disparities. In-
terventions that focus on one level of determinants without considering others
may affect individual outcomes while making a less-than-desired dent in group
health differences.
 Decreasing social isolation. As an example, we know that black women
have markedly higher breast cancer mortality rates than white women. They also are
more likely to experience the so-called triple-negative cancers (those lacking recep-
tors for three hormones—namely, estrogen, progesterone, and HER2/neu) that de-
velop at a younger age, often before menopause, and are more lethal and aggressive
than other cancers.33 We hypothesize that a number of upstream factors ultimately
produce or at least increase the risk for triple-negative cancers. Identifying these up-
stream factors will help to target interventions.
In the CIHDR investigations, neighborhood characteristics that discourage so-
cial interaction may be linked to hormone profiles that have the potential to pro-
duce triple-negative tumors. If so, interventions to increase collective efficacy and
improve neighborhood safety should reduce breast cancer mortality by disrupting
the link between isolation and loneliness and gene expression changes. In her dis-
cussion of the effects of urban renewal on inner-city neighborhoods, Mindy
Fullilove suggests offering places for exchange in neighborhoods, not unlike the
settlement houses of the early 1900s.34
Another avenue for decreasing social isolation in neighborhoods targets the va-
cant buildings that foster crime and negatively affect the formation and mainte-
nance of social relationships. A number of municipalities have begun efforts to en-
sure that landlords maintain properties by levying fines and financial
disincentives. Examples include Cleveland’s Housing Court and Chicago’s Trou-
bled Building Initiative. The latter placed twenty properties in receivership during
its first three years of operation.35
 Early detection. Factors that interact with cancer type also are potential
points of intervention. Because triple-negative cancers grow fast, detecting them at
an early stage is a key to survival. While the gap between white and black women in
breast cancer screening has narrowed, it remains the case that facilities in predomi-
nantly black communities are (1) less likely to offer timely breast cancer screening
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using state-of-the-art techniques, and (2) more likely to misread mammograms than
are clinics in more-affluent areas.36 Ensuring that inner-city health facilities have
up-to-date, well-maintained equipment and that mammographers have access to
continuing training and opportunities for consultation should help reduce breast
cancer mortality among black women.
 Including social indicators with clinical information. Individual risk pro-
files that capture multiple components of people’s social circumstances as well as
the subclinical indicators of the physiological effects that flow from these circum-
stances may serve as effective primary and secondary prevention strategies and help
improve individual and population health outcomes. The cross-level effects of indi-
vidual and neighborhood socioeconomic status, for example, are significantly re-
lated to mortality from a number of diseases.37 Including this type of cross-level in-
formation with clinical information may help providers to design individualized
prevention programs and clinicians to choose treatment strategies targeted to pa-
tients’ specific needs.
 Community partnerships. Understanding the nature of upstream determi-
nants is best achieved through partnerships with community stakeholders. Amy
Schulz and colleagues, for example, worked with community practitioners and
stakeholders in Detroit to develop a model of the pathways through which the social
and physical environments influence racial and socioeconomic disparities in cardio-
vascular disease.38
Community-based participatory research approaches, which combine research
and social change, have also proved useful in devising and testing the effectiveness
of interventions, in areas such as church-based diabetes prevention.39 Involving
stakeholders likewise helps ensure that interventions are “owned” by community
members and thus more likely to be sustained through time.
T
he determinants of health di s par it i e s are multiple, and none
operates in isolation. We are just beginning to understand how factors at
different levels interact to influence population health outcomes. Consider-
ing these interactions will allow us to choose points of intervention, knowing how
the resulting change will affect downstream factors. This approach is economical
because it in essence allows us to produce multilevel changes. It greatly heightens
our chances of devising interventions that truly affect group differences in health.
Reports of the nation’s progress in addressing health disparities are less than
encouraging, and much remains to be done to meet the goals of Healthy People
2010.40 Carefully targeted interventions based on well-articulated, disease-
specific models, such as the CIHDR’s downward causal model of breast cancer,
hold promise for speeding our progress toward achieving those goals.
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